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Abstract 
RESTORATION OF ATTENTIONAL DEFICITS AFTER CONCUSSION 
 
Katharine Earle 
 
Difficulties with concentration and attention are among the most prevalent 
symptoms experienced after concussion. Rest has been the most common form of 
recovery from concussion; however, new research is suggesting mild mental exertion to 
be an effective aid in recovery. Drawing from attention restoration theory, this study 
evaluated the idea that cognitive engagement with natural environments can mitigate 
post-concussion directed-attention deficits. A between subjects repeated measures design 
was used to test directed-attention after video exposure to restorative/nature and 
nonrestorative/city environments. Measures of mood, connectedness to environment, and 
symptomology scores were also collected. No meaningful difference between exposure 
type was found on the Victoria Stroop task. Results did not show a meaningful difference 
in directed-attention between the nature and city groups post-intervention, although both 
groups experienced improved backwards digit span scores. Those in the city condition 
experienced a decrease in positive affect scores post-intervention. Changes in backwards 
digit span scores may suggest plasticity of attentional deficits after concussion. 
Suggestions for future research are discussed including the evaluation of ART as an 
intervention for clinical populations.  
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Introduction 
In 2010, 2.5 million hospital visits were associated with traumatic brain injuries 
(Frieden, Houry, & Baldwin, 2014). Reports of concussions, also known as mild 
traumatic brain injuries (mTBIs), are on the rise for athletes in particular with an 
estimated 4-5 million occurring annually in the United States (ImPACT, 2015). Much of 
the rise is associated with increased awareness and diagnosis; however, it is unclear how 
many concussions still go unreported. Much of the research on concussions is performed 
using athletes. This is an easily accessible population and allows assessment of varying 
degrees of injury. Research involving non-athletes generally recruits participants through 
emergency room visits and hospital records and generally includes more severe forms of 
concussion causing a biased sample (Kaufman et al., 2001, Seel et al., 2003). This paper 
will use athlete-focused research as it provides the most comprehensive model of 
concussions. 
A concussion is the result of a direct or indirect insult to the head resulting in 
complex pathophysiological processes affecting the brain (McCrory et al., 2013). This 
injury occurs when an individual’s brain goes through rapid acceleration and 
deceleration, usually in a sudden back and forth motion, stretching brain tissue and 
causing a disruption to the normal brain activity. A concussion is classified as a 
functional injury rather than a structural injury due to the damage occurring at a 
microscopic level undetectable by standard neuroimaging equipment (McCrory et al., 
2013). However, the development of Diffuse Tensor Imaging (DTI), born out of the MRI, 
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is a promising new technique that may allow doctors to view axonal and white matter 
changes after concussion (Gardner et al., 2012). Concussion or mTBI refers to a trauma 
to the brain resulting in an injury commonly thought to recover without long-term 
impairment. This paper uses the terms mTBI and concussion interchangeably. Brain 
injury severity is rated on a spectrum, known as the Glasgow Coma Scale (GCS), with 
concussions falling on the mild end of the spectrum (Reith, Van den Brande, Synnot, 
Gruen & Maas, 2016). Severe brain injuries, although different between individuals, can 
result in long-term impairment, coma, or death. The GCS assists doctors in determining 
the level of intervention required in a hospital setting, however researchers are moving 
away from using the term “mild” to describe a concussion due to the misleading 
connotation. More accurately, a concussion is a brain injury thought to recover at a 
quickened rate compared to severe TBIs, although mismanaged concussions can lead to 
lasting damage and complications (Laker, 2015). The development of various cognitive 
and physical assessments allows researchers to test and measure concussion severity and 
track rehabilitation; however, the research is limited on treatments for those recovering 
from a concussion. 
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Review of the Literature 
The current standard of care for concussion is rest and limited exertion; however, 
there is debate about the effectiveness of complete rest after concussion (Harmon et al., 
2013). Harmon et al. (2013) concluded complete cognitive and physical rest was not as 
effective as rest combined with limited cognitive and physical exertion indicating 
positive results from low levels of exertion during the recovery period. This discrepancy 
paired with the lack of interventions for cognitive rehabilitation after concussion creates a 
large need for research on effective interventions and improved standard of care. 
Difficulties with concentration and attention are among the most commonly experienced 
symptoms of concussion. Drawing from the attention restoration theory (ART), this paper 
proposes the use of the natural environment as a means of mitigating the directed-
attention fatigue associated with concussion. ART uses nature environments, referred to 
as restorative environments, to activate involuntary attention while simultaneously 
disengaging voluntary or directed-attention, allowing for relief from directed-attention 
fatigue. The present study applies ART to mTBI by examining the usefulness of this 
theoretical framework for understanding and potentially treating the attentional deficits 
associated with concussion. Applying ART to concussion rehabilitation is a novel 
approach not yet studied. The application of ART to clinical populations is limited, but 
results warrant further research into the utilization of ART as a potential means of 
reducing attentional deficits in clinical populations. 
Concussion Symptomology 
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 No brain injury is alike. A concussion can occur from a direct blow to the head or 
from biomechanical forces acting on the body causing brain tissue to stretch and/or rotate 
abnormally (Meaney & Smith, 2011). The damage caused by a concussion and the 
resulting neuropathology is known as the neurometabolic cascade of concussion (Giza & 
Hovda, 2014). As studied in mice, this neurometabolic cascade begins immediately after 
the insult, leading to nonspecific depolarization and resulting in imbalances in 
intracellular and extracellular ions. This imbalance causes the sodium-potassium pump to 
go into overdrive trying to restore homeostasis. The sodium-potassium pump requires 
energy from adenosine triphosphate molecules made through the metabolism of glucose. 
The cell then begins to hypermetabolize glucose, also requiring energy. Without enough 
resources to supply necessary energy, the cell enters an energy crisis. Neuronal 
suppression follows this state of hypermetabolism. These physiological disturbances, 
theorized by Giza and Hovda (2014), have symptom correlates. The symptoms 
experienced post-injury may be indicative of functional impairments at a physiological 
level; however, the causal direction of this relationship is unclear. 
An athletic trainer or coach often diagnoses a concussion in sports, though recent 
state legislation and consensus best practice typically requires doctor approval before 
returning to play. The diagnosis of a concussion is frequently based on accurate answers 
to basic questions (e.g., “what team are we playing?”), assessment of balance, basic 
neuropsychological tests such as King-Devick (a visual tracking test requiring eye 
movement and attention), and the presence of physical symptoms such as vomiting or 
headache. Without pre-injury testing, it can be difficult for coaches or trained 
5 
 
  
professionals to interpret the results of post-injury tests. In these cases, the average score 
of unimpaired and age matched individuals is used for comparison. A concussion is not 
characterized by loss of consciousness; rather, a loss of consciousness may indicate more 
severe brain trauma (McCrea et al., 2013).  
When concussions are evaluated in a medical setting, the Glasgow Coma Scale 
(GCS), a measure of consciousness based on eye, verbal, and motor responses, is often 
used (Reith et al., 2016). This scale ranges from 3-14 or 15 depending on the version. A 
score less than 9 indicates a severe brain injury, while a 13 or higher indicates a less 
severe injury. A score between 9 and 13 suggests a moderate injury. Moderate to severe 
brain injuries may require a period of hospitalization. As mentioned previously, this scale 
is designed for conformity in emergency room diagnoses. This method of classification 
can be misleading.  Despite scores on the GCS, all brain injuries have the potential for 
serious symptomology. A concussion is a brain injury and although it may not be as 
chronic as a severe brain injury or require hospitalization, it should be attended to and 
handled with the same caution and care as a severe TBI.  
After a concussion, the presentation and duration of symptoms, influenced by 
previous medical and family history, are unique for each individual. There are 22 
symptoms associated with concussions falling into four categories: cognitive impairment, 
physical impairment, emotional dysregulation, and sleep disturbance (Hunt & Asplund, 
2010). One study tracked NCAA student-athletes who experienced a concussion across 
two years in 25 different sports across America. This study found that student-athletes 
experience an average of 5.29 (SD=2.94) symptoms post-concussion with 60.1% 
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experiencing symptom resolution after one week; however, 6.2% experienced symptoms 
for longer than four weeks (Wasserman, Kerr, Zuckerman, & Covassin, 2015). More 
recent research, extending the recovery window, states that the majority of adults 
experience symptom resolution within 14 days (McCrory et al., 2017). 
Cognitive. Cognitive impairment involves disturbances in memory, attention, 
thought clarity, slowed processing speeds and reaction time, and general cognitive 
fatigue. Difficulty concentrating, or directed-attention fatigue, is one of the most common 
symptoms after concussion, occurring in 58.3% of athletes (Wasserman et al., 2015). 
Post-injury amnesia can occur as well as loss of consciousness; however, these symptoms 
are relatively rare (<10%; Guskiewicz, Weaver, Padua, & Garrett, 2000). Giza and 
Hovda (2014) believe axonal injury and impaired neurotransmission to be associated with 
cognitive impairment, and slowed processing and reaction times in mice; additionally, 
early post-injury cognitive dysfunction, amnesia, and loss of consciousness may be the 
result of neuronal suppression. These impairments can affect an individual’s ability to 
perform daily tasks and may require time off work, school, practice, or other activities so 
as not to exacerbate symptoms.  
It is well documented that post-injury, many individuals experience directed-
attention (DA) deficits (Robertson, Manly, Andrade, Baddeley, & Yiend, 1997; Dockree 
et al., 2005; Kaelin, Cifu, & Matthies, 1996). Directed-attention, a key component in 
executive functioning, is defined as the voluntary attention required to focus on 
something that does not inherently attract attention. Post-injury, individuals are prone to 
deficits in DA including attentional fatigue, and attentional failures, such that he/she may 
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have increased distractibility, leave tasks unfinished, or fail to hear someone speaking to 
them (Dockree et al., 2005). The lack of controlled processing associated with brain 
injuries is argued to be the result of these transient ‘drifts’ of attention resulting in 
impaired executive functioning. These attentional drifts can cause an individual to react 
improperly to a stimulus by reacting based on previous patterned responses, rather than 
the present stimulus and environment, increasing the chance of attentional failures.  
Individuals with concussion may experience deficits in DA similar to those seen 
in attention-deficit hyperactivity disorder (ADHD). After inducing a mTBI, Mychasiuk, 
Hehar, and Esser (2015) found ADHD-like symptoms in young rats. These symptoms 
included deficits in sustained attention, impulsivity, and response inhibition.  Authors 
concluded mTBIs result in functional impairment and negatively impact executive 
functioning in a way similar to that of ADHD. There is concern about replicating human 
mTBI in animals as well as extending the results of animal studies to humans. While 
mTBIs in humans result from a variety of impacts, the mTBIs induced in animal studies 
are done so using weight drop and fluid percussion techniques among others. It is 
challenging for researchers to replicate human mTBIs in animals making it difficult to 
generalization the results of animal research.  
Physical. Physical impairment is another symptom of brain injury characterized 
by blurred or fuzzy vision, balance problems, headaches, physical fatigue, and sensitivity 
to light and noise. Giza and Hovda (2014) proposed that migraine headaches, 
photophobia, and phonophobia are associated with the ionic flux during the 
neurometabolic cascade after concussion in mice. The most common symptom post-
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concussion is headache, occurring in 92.2% of cases (Wasserman et al., 2015). Injuries 
resulting in vestibular impairment lead to balance problems, while oculomotor 
impairments result in blurred or fuzzy vision and sensitivity to light and noise, which can 
lead to headaches. The disorientation associated with vestibular dysregulation can 
significantly impair an individual’s ability to function because we rely so heavily on our 
eyesight for balance and physical orientation. Vestibular damage can cause dizziness and 
balance issues and is also related to extended recovery times (Chamelian & Feinstein, 
2004). Dizziness is another physical impairment common among those who have 
experienced a concussion, occurring in 68.9% of cases (Wasserman et al., 2015).  
Emotionality. Concussion patients also exhibit higher levels of anxiety and 
depression than controls (McGarth, 2010). Because of this, monitoring emotional 
changes is especially important. Individuals recovering from a concussion may be prone 
to emotional changes including changes in emotional reactions, and increased feelings of 
irritability, anxiety, sadness, and depression. These changes may be more dramatic in 
cases of prolonged recovery. Cognitive performance has been associated with emotional 
regulation (Mueller, S.C., 2011). Although the causal relationship between symptoms of 
emotionality and cognition has yet to be determined in this population, some research has 
indicated that poor emotional regulation can negatively impact cognitive performance, 
thereby increasing cognitive symptoms.  
Depression in particular is a large concern for people recovering from a mild or 
severe brain trauma. Patients with a history of brain injury are at a higher risk of 
developing depression and depression screening is recommended post-injury 
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(Schoenhuber & Gentilini, 1998). One study of 666 TBI patients determined 27% of 
those individuals met criteria for a major depressive episode (Seel et al., 2003). The 
individuals comprising the 27% did not have a depression diagnosis prior to injury and 
were more likely to report trouble falling asleep, restlessness, weakness and poorer 
concentration than their non-depressed counterparts. The authors speculate that 
depression may be the root cause of these symptoms rather than the injury itself, such that 
treating the depression may alleviate these symptoms. However, the causal direction of 
this relationship is unclear, and results warrant further research into symptom clusters and 
correlates. Seel et al. (2003) found no link between injury severity and the occurrence of 
depression.  
Additionally, research shows that irritability increases after brain injury, but more 
interestingly, individuals report less irritability than friends and family members report. 
One study found 14.8% of patients with TBI reported irritability while families reported 
29.4% occurrence of irritability (Yang, Hau, Lin, Tsai, & Huang, 2012). Despite the 
difference in family and self-report levels of irritability, the increase in irritability is 
remarkable and is described as the second most prevalent neuropsychiatric symptom, 
after apathy, occurring in 37% of TBI cases (Ciurli, Formisano, Bivona, Cantagallo, & 
Angelelli, 2011). 
Sleep. Sleep disturbances after mTBI include sleeping too much, not sleeping 
enough, and having trouble falling and staying asleep. One study found that three years 
post-concussion, individuals experienced decreased sleep efficiency, increased time spent 
awake, and more frequent, prolonged awakening (defined as greater than 3 minutes) from 
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sleep, as measured by a polysomnography, compared to controls without concussion 
(Kaufman et al., 2001). These individuals also reported trouble falling and staying asleep, 
and daytime sleepiness. Interestingly, another study found the biggest correlate of sleep 
disturbances (within three months of injury) to be the onset of anxiety post-concussion 
(Rao et al., 2008). This study found no relationship between injury severity and sleep 
disturbances. It is common for disturbed sleep to contribute to anxiety as well as anxiety 
to contribute to sleep disturbances. Authors speculate treating one of these symptoms 
could reduce or eliminate the other.  
A large number of symptoms and a broad spectrum of symptom severity make 
treatment challenging. The research should focus on the major symptoms with common 
symptomology, such that treating a major symptom may resolve associated symptoms. 
For example, treating individuals for depression may also resolve sleep and emotional 
disturbances. Moreover, treating attentional deficits could potentially alleviate symptoms 
associated with directed-attention fatigue (DAF), such as impaired thought processing 
and perceptions, irritability, and distractibility, all common post-concussive symptoms.  
Standard of Care 
Although many individuals experience spontaneous symptom resolution within 
the first weeks post-injury, some individuals experience prolonged symptoms requiring 
treatment in the form of therapy or pharmacological intervention. Measuring the severity 
of brain injuries and monitoring the recovery is extremely important for the health of an 
individual, but also to determine when the individual can return to normal daily life. 
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Recovery is measured through the alleviation of symptoms largely because concussions 
cannot be seen through neuroimaging. The current standard of care includes a period of 
cognitive and physical rest (Schneider et al., 2013). If an individual too quickly returns to 
a high level of activity (both cognitive and physical) before symptoms have subsided, 
he/she is likely to experience a prolonged recovery time. The U.S. Center for Disease 
Control and Prevention (2015) recommends rest and limited exertion during the acute 
recovery period (1-7) days. Laker (2015) recommends that an individual with a 
concussion avoid watching T.V., using a mobile phone, reading, playing video games, or 
studying to prevent aggravation of symptoms. When symptoms have subsided, the 
individual may begin the process of reintegration into regular routine. Until the individual 
is able to return to a regular routine without accommodations or exacerbation of 
symptoms, he/she is not ready to return to physical activity.  
 Second Impact Syndrome and multiple concussions. Second Impact Syndrome 
(SIS) is the result of a second acquired brain injury before the original injury has healed, 
amplifying the effects of the original injury leading to death or severe and permanent 
disabilities (Laker, 2015). Even after the original injury has healed, additional brain 
traumas can lead to more severe impairment requiring an extended recovery period or, in 
some cases, causing permanent damage. As shown in one study, athletes with multiple 
concussions were six times more likely than those with a single concussion to have post-
traumatic amnesia and eight times more likely to experience mental status disturbances 
such as disorientation or retrograde amnesia, symptoms more commonly found with 
severe brain injuries (Iverson, Gaetz, Lovell, & Collins, 2004). In a separate study, 
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individuals with three or more concussions six months post-injury self-reported worse 
scores on memory, occurrence of headache, and processing speed than those with a single 
concussion (Gaetz, Goodman, & Weinberg, 2000). At six months post-injury, these 
individuals were not testing as well as individuals without a history of multiple 
concussions. These results suggest that impairments may persist long after patients stop 
reporting symptoms, making it increasingly important to rehabilitate concussions beyond 
the alleviation of noticeable symptoms. It is becoming clear that the alleviation of 
symptoms may not indicate full recovery.  
As the danger of multiple concussions is more widely understood, it is critically 
important to accurately diagnose a concussion and expedite the healing process. McCrory 
et al. (2017) acknowledge that the majority of adults recover within 10-14 days post-
injury. Individuals experiencing symptoms for longer than 14 days are said to be 
experiencing a prolonged recovery. It is accepted that concussive symptoms 
spontaneously resolve; however, through evidence of the cumulative effect of multiple 
concussions, it is becoming clear that while symptoms may have resolved, the underlying 
damage may not (Gaetz, Goodman, & Weinberg, 2000; Hunt & Asplund, 2010).  
The standard of care for concussions is simple: rest (Schneider, 2013). There is 
research on interventions to restore cognitive functioning in those with concussions, such 
as Cognitive Behavioral Therapy (CBT) and pharmacological options; however, the 
effectiveness of such interventions is debatable and more research is needed (Snell, 
Surgenor, Hay-Smith, & Siegert, 2009). As research on concussions progresses, the need 
for effective and reliable interventions is apparent. 
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Treatment for Brain Injury. While the standard of care for concussions in the 
acute post-injury phase is rest, there are interventions designed to aid the recovery 
process; however, the efficacy of those interventions is debatable and the research suffers 
from small sample sizes, poor design, and a lack of methodological rigor. Current 
experimental interventions for mTBI and TBI are similar to those used on non-brain 
injured populations for phenotypically similar problems. For example, for those with 
post-concussion depressive symptoms, taking selective serotonin reuptake inhibitors 
(SSRIs) may improve affective lability, and anxiety (Arciniegas, Anderson, Topkoff, & 
McAllister, 2005).  
Pharmacological Interventions. Pharmacological interventions have shown 
promising results for improved attention and memory after mTBI. Methylphenidate, a 
common drug for ADHD, improves cognitive and attentional deficits in brain-injured 
adults (Kaelin, Cifu, & Matthies, 1996; Plenger, 1996). These studies found lasting 
changes and positive effects of methylphenidate on acute TBI patients even after the 
discontinuation of the drug, suggesting long-term neuronal changes. This study is 
particularly important as it provided an intervention in the acute phase of recovery, while 
most research has examined the use of this medication for relief of chronic symptoms. 
Additionally, donepezil, often used for dementia, is demonstrated to be a useful 
pharmacological option for recovering short-term memory and mediating attentional 
deficits in adults with moderate to severe TBIs (Zhang, Plotkin, Wang, Sandel, & Lee, 
2004). This study only tested short-term memory and sustained attention, thus the effects 
on other cognitive functions remain unclear. More research is required to determine the 
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efficacy of donepezil on mTBI and the potential negative side effects of this drug on 
those with brain injury. These findings warrant further research into which practices and 
interventions can aid attentional rehabilitation from brain injuries. Additionally, the 
timeframe for implementing these interventions has yet to be established.  
Non-pharmacological interventions. There have been a number of non-
pharmacological experimental interventions for treatment of concussion with mixed 
results. Rest is the standard of care. This determination is based on the results showing 
regular cognitive and or physical activity post-concussion can cause prolonged recovery 
(Brown et al., 2014). However, it is not clear that total rest is superior to mild cognitive 
exertion during the recovery phase. In addition, drawing from research on the 
psychological symptoms associated with headaches in those with concussions, 
researchers attempted to alleviate post-traumatic headache with cognitive-behavioral 
therapy (CBT). A recent randomized controlled study comparing CBT to a control group 
on a waiting list found that CBT was not effective for improving headache, quality of 
life, or concussion symptoms among patients with concussion (Kjeldgaard, 
Forchhammer, Teasdale, & Jensen, 2014). However, the mean duration of time post 
injury in this study was approximately 27 months making it unclear whether or not the 
intervention would be beneficial in the acute post-injury phase. Authors did not set 
inclusion criteria specific to duration of time post-injury. Another study found 
improvement in executive functioning and processing speed following a 12-week aerobic 
training protocol (Chin, Keyser, Dsurney, & Chan, 2015). Unfortunately, this study 
suffered a small sample size of nine, lacked a control group, and the time frame post-
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injury ranged from 9 months to 13 years. Despite encouraging results, the efficacy of 
aerobic exercise post-TBI requires further study.  
The limited number of studies evaluating non-pharmacological interventions 
creates a void in the research, as well as poses challenges for researchers and clinicians 
alike. There is a need for greater research on interventions and intervention 
implementation. Specifically, the utility of cognitive rehabilitation during the acute phase 
requires further study. This study aims to determine the utility of attention restoration 
theory on mitigating post-injury directed-attention deficits in those with concussions.  
Attention Restoration Theory 
ART, developed in the field of Environmental Psychology, is built on William 
James’ idea that attention is separated into two distinct categories: voluntary or directed-
attention, and involuntary attention (as cited in Kaplan, 1995). Directed attention (DA) is 
the effortful control of focus and thought while blocking out irrelevant and distracting 
stimuli. The use of DA requires executive control processes to make a decision on 
whether or not a stimulus warrants a reaction (Kaplan, 1995). DA is susceptible to 
fatigue; when it is over-used, directed-attention fatigue (DAF) may result (Kaplan, 1995). 
DAF can result from excessive studying, writing, working, or anything requiring superb 
focus on a singular topic. DAF results in attentional failures and increased distractibility, 
and can cause an individual to leave tasks unfinished or fail to hear someone speaking 
(Dockree et al., 2005). In college students, these symptoms of DAF can have adverse 
effects on grades and academic performance. Conversely, involuntary attention is used 
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when stimuli are inherently interesting and do not require effortful focus or the 
involvement of executive processes (Kaplan, 1995). ART utilizes this idea of voluntary 
and involuntary attention to create a means of relieving DAF. 
Attention restoration theory borrows the idea of restorative environments from 
stress reduction theory (SRT). SRT demonstrates the emotional and physiological 
benefits associated with natural environments (Ulrich, 1984). ART expands on SRT by 
proposing that one of the cognitive mechanisms through which people benefit from 
nature exposure is improved attentional processing. ART uses nature environments to 
engage involuntary attention. Because directed-attention and involuntary attention cannot 
be simultaneously engaged, by virtue of activating involuntary attention, directed-
attention processes are relieved (Kaplan, 1995). Natural environments provide attentional 
restoration by engaging involuntary attention (Berman, Jonides, & Kaplan, 2008; Berto, 
2005; Cimprich & Ronis, 2003; Hartig, 1991; Kaplan, Talbot, & Kaplan 1988). Through 
either passive (viewing the environment, such as through a window or through the use of 
technology) or active (interacting with the environment, such as on a nature walk) 
involvement, an individual can experience attentional restoration. This idea is particularly 
important in that SRT was developed using passive involvement in nature environments 
whereas ART has been tested using both passive involvement, through video and photo 
exposure, and active involvement, through interacting with the environment in a physical 
way such as walking (Berman et al., 2008; Berto, 2005; Ulrich, 1984). 
It is debatable as to which method of involvement promotes the greatest level of 
restoration; however, both methods present as being clinically beneficial for attention 
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restoration. Given that ART provides benefits through passive involvement with nature 
(e.g., video or view through a window), individuals who are unable to engage actively in 
the environment can also benefit. Individuals with brain injuries are strongly discouraged 
from engaging in physical activity immediately following the injury, making them ideal 
candidates for passive involvement in restorative environments. 
Restorative Setting Criteria. According to ART, the difference between a 
restorative environment and any other environment is the effect the environment has on 
an individual. While studies use a variety of environments to examine ART, restorative 
environments, proposed by Kaplan and Talbot (1983), are thought to each have the 
following four key components: fascination, “being away,” extent that it is coherent 
enough and sufficient in scope to fully engage the mind, and compatibility. 
Fascination. Nature has a whole host of fascinating objects that intrigue the mind. 
These fascinations are considered ‘soft’ fascinations including, sunsets, clouds, leaves 
blowing in the wind, snow patterns, etc. and hold an individual’s involuntary attention 
(Kaplan, 1995). This type of undirected-attention allows the individual to consider other 
things while still stimulating the mind. When something is fascinating, an individual does 
not have to actively direct his/her attention; rather, involuntary attention engages 
requiring less effort and resources. This is especially important for individuals with a 
brain injury. While the brain is in a state of metabolic crisis and energy deficiency, it is 
crucial to avoid exacerbation of symptoms and promote recovery. 
Being-away. Being-away does not require the individual to physically be in a 
different place. It is often unfeasible for an individual to “get away” for attention 
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restoration. Although a getaway to the mountains, the sea, or lake may be preferred, a 
view of natural scenery or a walk in a park adequately fulfills this criterion by allowing 
the individual to feel immersed in a nature environment (Kaplan, 1995). 
Extent. An environment that has extent is rich and complex enough to stimulate 
the mind without being overly stimulating. The scope of the environment must be large 
enough that the individual is able to connect with the greater scene. Extent does not 
require a vast amount of land, but it does require the environment to have enough scope 
that the individual is able to connect to a larger world. This may also be established 
through viewing historic artifacts, which allows the individual to connect to a past 
time/environment or through a view of natural scenery that allows the individual a greater 
perspective.  
Compatibility. A compatible environment is one that fulfills the individual’s 
purpose for being there and one in which the individual fits with what the environment 
demands (Kaplan, 1995). An environment that requires the individual to be on guard 
would not be compatible for someone seeking restoration. In a compatible environment, 
an individual carries out activities without complication and feels that his/her natural 
behavior is appropriate for the environment; the environment is compatible with what the 
individual expects it to be.  
Kaplan constructed ART using restorative environments to engage involuntary 
attention, and thus restore DA. In the beginning, he studied the impact of restorative 
environments on psychological well-being, finding improved attentional capacity after 
nature exposure (Kaplan & Talbot, 1983). In this study (Kaplan & Talbot, 1988), 
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participants rated their ability to concentrate as significantly higher after a two-week 
nature exposure than before. Hartig (1991) expanded on this research, finding increased 
cognitive performance, specifically improved ability to sustain DA, after interactions 
with nature in both self-report and cognitive performance measures such as a proof-
reading task. Using nature as a therapy tool is not a new concept and nature exposure has 
been examined in the literature for its psychological and physical benefits. 
Psychological and physical benefits of nature exposure. There is an abundance 
of research measuring the psychological and physical health benefits of nature exposure. 
Although many of these do not follow an ART paradigm, it is useful to review this 
literature in understanding the wide range of beneficial effects associated with nature 
exposure. Studies have found improved positive affect and decreased anxiety after a 
nature walk in contrast to a city walk (Berman et al., 2008; Song et al., 2013), as well as 
decreased heart rate after nature exposure compared to a city environment (Song et al., 
2013). A study measuring physiological effects of Shinrin-Yoku, “taking in the forest 
atmosphere,” found decreases in salivary cortisol, heart rate, and blood pressure after a 
14-minute passive interaction with a forest environment as well as 15 minutes active 
(walking) interaction with the forest environment (Park, Tsunetsugu, Kasetani, Kagawa, 
& Miyazaki, 2010). While these studies lend support to the utility of nature as a 
therapeutic tool, they do not test ART in its entirety. There are fewer studies presenting 
data on the attentional benefits of natural environments. Further research is needed in 
order to examine the utility of this theoretical framework for relieving DAF in both 
clinical and nonclinical populations. 
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ART research on nonclinical populations. ART has been found to be effective 
for restoring DA in nonclinical populations (Berman et al., 2008; Berto, 2005). Hartig 
(1991) measured DA using a proofreading task, a task known to cause DAF, before and 
after participants vacationed for one week to a wilderness environment (N = 25), non-
wilderness environment (N = 25), and in those who remained in their daily routine (N = 
18). This study found increases in DA after wilderness exposure only. Authors controlled 
for vacation duration and participant level of fitness. Research has since shown that 
exposure to restorative environments can improve an individual’s ability to sustain DA 
after experimentally induced DAF (Berto, 2005). In Berto (2005), participants took a 
Sustained Attention to Response Test (SART), a test known to fatigue directed-attention, 
prior to exposure to restorative or nonrestorative environments. Berto (2005) found 
college students rate photos of natural environments as more restorative than built and 
partially built environments on the Perceived Restorativeness Scale. In this study, these 
nature and city photos were used as the stimuli shown after induced DAF in college 
students. Only students who viewed the restorative photos experienced relief from DAF, 
as measured by the Sustained Attention to Response Task.  In a separate study, Berman et 
al. (2012) found that individuals were able to gain attentional restoration, as measured by 
the backwards digit span, through a 50-55 minute walk in the park, but a walk, equal in 
time and distance, in the city had no effect on DA. Participants experienced one 
environment (park or city) then the same individuals returned one week later to walk in 
the other environment. Before environment exposure, these individuals were prompted to 
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ruminate on a personal, unresolved, negative event, a method known to impair working 
memory and thus negatively impact DA (Berman et al., 2011).  
Lastly, non-experimental research has found that natural environments produce 
greater attentional benefits than non-natural or built environments. One study found that 
college students who had a nature view from their dormitory windows performed better 
on tests of DA than students with a view of an entirely built setting or partially built 
(containing a combination of natural and built settings; Tennessen & Cimprich, 1995). 
These findings are consistent with experimental studies demonstrating improved DA after 
nature exposure. 
ART research on clinical populations. Interestingly, research has shown ART to 
be more effective on directed-attention in clinical populations than healthy populations 
(Berman, Jonides, & Kaplan, 2008; Berman et al., 2012). Both studies induced DAF prior 
to exposure to environments. In Berman et al. (2012), individuals with major depressive 
disorder found relief from DAF after a nature walk as measured by a backwards digit 
span test. The effect size was five times larger than the original study examining attention 
restorative among non-depressed individuals (Berman et al. 2008), warranting more 
research on ART in clinical populations and additional studies on the benefits of ART in 
clinical versus non-clinical populations.  In another study, restorative environments 
improved DA in children with attention-deficit/hyperactivity disorder (Taylor & Kuo, 
2009). This study found improved DA, as measured by the backwards digit span test, 
after a 20-minute walk in the park while no measurable improvement after the same 
individuals took a walk in two different urban environments. Participants were randomly 
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assigned a treatment location then one week later returned to experience the other 
location. The results justify future research on ART for improving attention deficits in 
populations with clinically impaired attention.  
Additionally, naturally occurring DAF, as in individuals undergoing cancer 
treatment, can be relieved through restorative environments (Cimprich & Ronis, 2003). 
Cimprich and Ronis (2003) implemented a six-week program involving regular exposure 
(120-minutes per week) to a variety of restorative environments for women beginning 
treatment for breast cancer. This study found increased ability to direct attention post-
intervention for those in nature environments compared to a control group who self-
selected relaxing activities during the intervention period. Despite there being few studies 
on ART in clinical populations, the studies that do exist are methodologically sound 
including adequate control groups and appropriate measures of attention (Berman et al., 
2008; Gamble, Howard & Howard, 2014; Taylor & Kuo, 2009). While some studies had 
small samples, within subjects repeated measures designs were often used strengthening 
the results. The promising results warrant more research on the potential benefits of using 
ART as an intervention for clinical populations suffering from attentional deficits.  
 It is common for those with concussions to experience DAF (this population 
would not require induced DAF; Wasserman et al., 2015). Research examining the use of 
restorative environments for DA restoration in clinical populations experiencing impaired 
DA provides initial evidence that this may be an appropriate paradigm for aiding 
recovery among those with concussion. 
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Measuring directed-attention. Directed-attention is a key component of 
working-memory, inhibition, and/or a measured response time and is measured through 
these constructs. Working memory is defined as the ability to move information in and 
out of attentional focus while blocking out irrelevant stimuli, thus requiring the use of 
DA (Cowan et al., 2005). Additionally, inhibition, the ability to inhibit impulses, and 
reaction time, the amount of time required to produce a response, both require the use of 
DA to prevent distraction and both are impaired when DAF occurs (Berman, 2008). 
These constructs can be measured using the backwards digit-span task, a task requiring 
the use of working-memory (Tennessen & Cimprich, 1995; Cowan et al., 2005), and the 
Stroop task, a task measuring inhibition, reaction time, and DA (Stroop, 1935). These 
measures require DA and are sensitive to DAF.  
General tests of executive functioning would not be adequate measures for this 
research question.  While DAF negatively affects executive functioning, impaired 
executive functioning does not always imply impaired directed-attention. Impaired 
working memory, lack of inhibition, and delayed response time are common symptoms 
of a concussion and are all directly influenced by DAF. Using measures of working 
memory and inhibition, this study will attempt to alleviate DAF using restorative 
environments among young adults with concussion. 
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The Current Study 
Concussions are becoming more commonly diagnosed. Increased rest and limited 
exertion until symptoms subside is the typical standard of care; however, long-term 
follow-ups of patients suffering concussion show continued impairment on 
neuropsychological tests in some patients. Few evidence-based interventions exist to aid 
in post-concussion recovery. Cognitive symptoms, including memory and attention 
impairment, are common symptoms of concussion, experienced by over half of patients 
in the acute stage of injury. A key component of brain injury-related cognitive deficits is 
directed-attention. Restoring directed-attention in individuals with a concussion could 
potentially aid the return to daily routine and decrease recovery time. Targeting one of 
the most common symptoms of concussion, this study aims to alleviate post-injury 
directed-attention fatigue in those with concussions through the application of the 
theoretical framework of attention restoration theory (ART). 
Statement of the Problem 
The lack of research on ART in clinical populations creates a gap in the literature 
with great potential for improved standard of care for a variety of populations. 
Specifically, individuals with concussion could greatly benefit from restored DA. 
Directed attention is a fragile component of cognition and is susceptible to fatigue when 
taxed. Humans have a limited capacity for DA, posited by Kaplan (1995) to be a result of 
evolutionary mechanisms; however, with a limited capacity for DA, as DA wanes, an 
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individual can become distractible, irritable, have impaired thought processing and 
perception, and have decreased inhibition. Kaplan believes this limited capacity for DA 
resulted from our ancestral fight for survival. If an individual was too focused on a single 
task, he/she would not be aware of his/her surroundings increasing the risk of predation. 
With a limited capacity for DA individuals are likely to survey their surroundings more 
frequently.   
The same symptoms found to be responsive to restorative environments in 
experimental studies are also common in individuals with mTBI. Individuals with 
concussions have shorter directed-attention spans (Dockree et al., 2005) making them 
more prone to attentional fatigue and more likely to experience symptoms of DAF. It is 
typical for individuals with mTBIs to complain of DAF or decreased directed-attentional 
capacity (Dockree et al., 2005). These attentional drifts increase the likelihood an 
individual will make a mistake in his/her daily life. These mistakes can include making a 
wrong turn, dialing the wrong number, forgetting an important meeting, etc. Unable to 
draw on directed-attention processes, an individual can become irritated and less effective 
in processing incoming information (Dockree et al., 2005). Relieving DAF among people 
with concussion may not only help to improve DA, but may also positively influence 
related symptoms in this population. Based on previous research, using ART as a novel 
approach to alleviating attentional deficits in those with concussions is promising. 
Restoring attention in those with concussions could potentially aid the individual in 
his/her return to daily routine and decrease recovery time. 
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This study does not test the mechanisms behind ART, but speculation is possible. 
The natural environment’s positive impact on human health and well-being is well 
studied and the implications have taken foothold in today’s society (Berman et al., 2008; 
Park, Tsunetsugu, Kasetani, Kagawa, & Miyazaki, 2010; Song et al., 2013). City officials 
and university personnel are creating parks, promoting green living spaces, and 
encouraging outdoor rest periods. Humans have spent a great majority of existence in 
natural environments. The move to cities and industrial life is relatively recent and the 
body is still far more adapted to living in nature. This is one of the fundamental principles 
of ART. It stands to reason if an individual is placed in an environment that he/she is 
most adapted for, the body will function at a higher capacity and trend towards 
homeostasis. It is possible this is a working mechanism behind ART. As a person spends 
more time in a restorative environment, much like the environment humans are adapted 
to, he/she may move toward homeostasis, regulating attentional function and hormone 
levels among many other processes. After a concussion, researchers speculate the cause 
of many symptoms, including attentional deficits, to be a serious imbalance in cellular 
homeostasis (Giza & Hovda, 2014). It may be possible to promote cellular homeostasis 
through changing an individual’s physical environment.  
Additionally, humans have also adapted to a specific state of being, including 
exertion at varying levels, where lack of exertion is actually abnormal. This can be seen 
through results indicating sedentary life style as an independent risk factor for disease 
(Kokkinos, et al., 1995; Power, Pinto Pereira, Law, & Ki, 2014). Research on concussion 
recovery indicates limited exertion to be better than total rest which supports this idea 
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(Harmon et al., 2013). When an individual is in a nature environment he/she can be 
mentally stimulated using involuntary attention. By placing an individual with a 
concussion in this type of environment they may be more likely to move toward 
homeostasis than if they were in an environment that engaged voluntary attention. The 
low level of activation allows for a more typical state of being than total rest, and may 
allow a type of “backdoor” route to stimulation. By engaging lower level brain areas, a 
person may be stimulated without concern of exacerbating symptoms. This stimulation 
provides a means of recovery as it allows the physical body to move toward homeostasis 
promoting a healthier cellular environment for the body to heal itself. With the use of 
restorative environments, it may be possible for individuals to experience mild mental 
exertion without the concern of “over-doing it” or prolonging recovery. 
Concussions are currently measured by the number of symptoms present. If an 
individual’s symptoms are masked but the damage to the brain has yet to heal, it can 
cause the individual to exert themselves more than is appropriate for their stage of 
recovery and possibly prolong recovery. Using restorative environments to relieve DAF 
is not merely masking symptoms, but creating a therapeutic response. By providing low-
level stimulation and disengaging voluntary attention, restorative environments may be 
allowing higher order thought processes to rest while still maintaining a level of cognitive 
activity. Rest is important for the damaged part of the brain to recovery, although it is 
voluntary attention not involuntary attention that the research has evaluated and 
suggested individuals should avoid (Laker, 2005). More and more research is showing 
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mild exertion to be more productive than complete rest (Harmon et al., 2013), but the 
exact type of exertion has not been determined.  
Some studies are indicating mild exertion aids in recovery (Chin, Keyser, 
Dsurney, & Chan, 2015; Leddy, et al., 2012), while others are reporting mild exertion 
impedes recovery (Brown et al., 2014). Why the discrepancy? It is possible that some 
studies testing exertion levels are actually engaging involuntary attention intermittently. 
Studies showing the benefits of exercise post-concussion argue for mild physical 
exertion, while studies researching the same question show exercise post-concussion to 
be detrimental. The same conflicting results are shown with mild mental exertion (Brown 
et al., 2014). It is entirely possible that the environment in which testing occurs could be 
engaging involuntary attention in some situations and voluntary attention in others. 
Walking in a park, rich in restoration, is more likely to engage involuntary attention while 
walking on a treadmill at a gym may fail to engage involuntary attention. On the same 
note, research in a lab without windows would likely cause participants to depend on 
voluntary attention while research labs with windows to natural environments may 
engage involuntary attention enough to impact results. It is in this way that these studies 
may be finding different results. Whether mild exertion should involve voluntary or 
involuntary attention networks is unknown, but the answer holds possibilities for future 
research on concussion rehabilitation. The mechanisms behind ART will not be tested in 
this study, but the theoretical use of ART is promising as a therapeutic tool for 
concussions.  
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Theoretically, ART can be applied to individuals with concussions to relieve DAF 
and increase directed-attention span. The use of restorative environments is a practical 
intervention applicable to anyone, has many low-cost applications, and has no known 
side effects. Restorative environments have been found to be effective in doses as short 
as 6 minutes in experimental studies (Berto, 2005; Cimprich, Ronis, 2003). The 
simplicity and practicality of this intervention would make it suitable for a wide spectrum 
of brain injury patients experiencing attentional deficits. With attention restoration theory 
as the foundation, this study predicts that individuals with mTBIs will see attentional 
benefits directly after exposure to restorative environments, while non-restorative 
environments will have no effect. 
Hypotheses 
Hypothesis 1: Individuals with an mTBI who view restorative environments will 
have greater improvement in response time on the Victoria Stroop Test post-intervention, 
compared to those in control condition. Lower response time on the Victoria Stroop Test 
is indicative of better cognitive functioning. The Stroop task is a common measure of 
DA. Based on ART, the restorative environments will provide directed-attention 
restoration and mitigate the cognitive fatigue, allowing the participant to react quicker on 
the post-test. 
Rationale for hypothesis 1: According to attention restoration theory, restorative 
environments provide stimuli that do not tax an individual’s directed-attention system, 
thus allowing it a chance to restore itself by virtue of not using it. With restored DA, an 
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individual will be able to react quicker to stimuli. In contrast, a non-restorative 
environment activates DA by requiring a higher level of alertness and attentiveness to 
one’s surroundings. A non-restorative environment does not permit a break from DA and 
taxes an individual’s attentional capacity, likely increasing their response time on the 
Stroop test.  
A common characteristic of mTBI is delayed reaction time. Reaction time can be 
associated with one’s ability to maintain directed-attention long enough to react to a 
specific stimulus. With increased attentional capacity after exposure to restorative 
environments, it is predicted that participants will have a quickened reaction to stimuli in 
the Stroop task, resulting in an overall better performance on this task.  
Hypothesis 2: Individuals with an mTBI who view restorative environments will 
have greater improvement on errors made during the Stroop Task pre-to-post, compared 
to individuals in the control condition. Participants who view restorative environments 
will have fewer incorrect responses on the post-test than participants exposed to the non-
restorative environment. Based on ART, the restorative environments will provide DA 
relief and mitigate the cognitive fatigue allowing the participant to perform better on the 
post-test. 
Rationale for hypothesis 2: According to attention restoration theory, restorative 
environments provide stimuli that engages involuntary attention allowing voluntary 
attention processes a chance to reset. An individual with impaired directed-attention is 
likely to make more mistakes on the Stroop test. In contrast, a non-restorative 
environment requires directed-attention to be alert and attentive to one’s surroundings. 
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Non-restorative environments do not permit a break from DA requiring additional 
taxation on attentional processes and increasing the likelihood of an incorrect response.  
It is common for an individual with mTBI to have lapses in attention resulting in 
“oops” moments or attentional failures (Robertson et al., 1997). Lapses in attention 
should manifest as greater incorrect responding on the Stroop test. It is predicted that 
after exposure to restorative environments, individuals with mTBIs will see a decrease in 
incorrect responses, relative to controls.  
Hypothesis 3: Individuals with an mTBI who view restorative environments will 
have greater improvement on Digit Span Backward pre-to-post, compared to those in the 
control condition. Digit Span Backward is a measure of working memory, a construct 
closely linked to DA. Higher scores on Digit Span Backward indicate greater working 
memory capacity. Based on ART, the restorative environments will provide directed-
attention relief and mitigate the cognitive fatigue associated with the backwards digit 
span allowing the participant to perform better on the post-test. 
Rationale for hypothesis 3: According to attention restoration theory, restorative 
environments provide stimuli that do not tax an individual’s directed-attention system, 
thus allowing it a chance to restore itself. With restored directed-attention, an individual 
will be more attentive resulting in more responses that are correct. In contrast, a non-
restorative environment activates directed-attention taxing attentional processes. A non-
restorative environment does not permit a break from directed-attention and taxes an 
individual’s attentional capacity making it more likely that an individual will produce an 
incorrect response. 
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Digit Span Backward measures working memory and is sensitive to DAF. 
Working memory requires the use of directed-attention to maintain focus on specific 
information while blocking out other stimuli avoiding distraction; thus, if directed-
attention is impaired, so will be working memory (Cowan et al., 2005). 
Methods 
Participants. Ten participants took part in this study, ages 18-30. The participants 
were recruited through the North Coast Concussion Program (NCCP). The NCCP 
performs baseline and post-injury testing for athletes and non-athletes at Humboldt State 
University and concussion education and injury evaluation for community members. 
Participants performed measures of directed-attention within 14 days of injury.  
Measures 
Participants were assessed through specific tests of directed-attention. This study 
used the Stroop task and the backwards digit span test to measure directed-attention.  
Stroop Task. The Stroop task was used to measure DA (Stroop, 1935; Spieler, 
Balota, & Faust, 1996). The Stroop task requires an individual to read a list of colors 
printed in incongruent ink color (the word “red” printed in blue ink). The individual is 
asked to identify the color of the word rather than the word itself. This task presents two 
stimuli and the individual is required to inhibit the habitual response (reading the printed 
word), and respond to the other stimulus (the color of the word). The idea is that most 
people are proficient readers and almost automatically read the word with disregard to the 
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color of ink. When asked to read the color of the word rather than the word itself it takes 
approximately 74% more time (Stroop, 1935). This phenomenon is known as the Stroop 
Effect.  
The Stroop task is a well-known measure of attentional capacity. It requires the 
use of DA to voluntarily block out irrelevant and distracting stimuli (the words) and 
respond to the relevant stimuli (the ink color). This task is especially trying for 
individuals with a limited capacity for DA as they become less able to inhibit their initial 
inclination to read the word. Individuals with impaired DA will take more time to 
respond correctly, increasing the overall completion time and will make more errors 
during the task (Spieler, Balota, & Faust, 1996). The Stroop task has been used to 
measured DA after exposure to restorative environments in those with ADHD (Taylor & 
Kuo, 2009).  
This study used The Victoria Stroop task (VST). VST, a shortened version of the 
original Stroop task, was performed using The Psychology Experiment Building 
Language (PEBL), a free open source software system (Mueller & Piper, 2014). The 
PEBL measures correct and incorrect responses, and overall task time on the Stroop task. 
The PEBL computerized version of the VST is an appropriate alternative to the paper 
version (Piper et al., 2015; Troyer, Leach, & Strauss, 2006). Research supports the use of 
the VST in populations with impaired cognitive function as it will not fatigue the 
participants as much and will reduce practice effects (Bayard et al., 2011; Troyer, Leach, 
& Strauss, 2006).  
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The VST is a popular test in studies using clinical populations due to its short 
administration time. Although the VST has not been examined specifically among 
individuals with concussion, several studies have demonstrated the reliability and validity 
of this test for measuring inhibition and cognitive impairment. Moraes, Rossini, & 
Reimão (2012) found the VST to be sensitive to attentional deficits in narcoleptic patients 
compared to controls. This study also found a correlation between VST score and Trail 
Making Test score. Both tests are a measure of executive functioning and require DA. 
Additionally, patients with narcolepsy can fall victim to large test batteries or long form 
tests that cause performance drop-offs making the short version of the Stroop, the VST, 
an ideal alternative for this and other clinical populations. Another study used the VST to 
measure cognitive aging and inhibition response in 272 healthy individuals ranging in age 
from 18-94 (Troyer et al., 2006). Adding support for the use of the VST, this study found 
inference scores to be highly correlated with age after correcting for baseline slowing. 
Age and error scores were positively correlated indicating a decrease in response 
inhibition with age. These results lend support for the use of VST as a valid measure of 
inhibition and cognitive vitality. In addition, D’Alcante (2012) used the VST to 
determine neuropsychological predictors of response to treatment in adults with 
Obsessive Compulsive Disorder. Authors used the VST as a measure of selective 
attention, mental flexibility, and inhibition control. Participants with more inhibitory 
control, as measured using the VST, responded better to both treatments, CBT and 
Fluoextine (D’Alcante et al., 2012). 
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Backwards digit span. The backwards digit span test was used as an additional 
measure of DA. The backwards digit span is a well-known measure of working memory 
and directed-attention capacity (Cowan et al., 2005). Working memory requires the use 
of DA to maintain focus on specific information while blocking out other stimuli. The 
test asks an individual to listen to a list of number (communicated orally by the 
experimenter) and then repeat the numbers in reverse order. There are several trials, with 
the number of digits increasing every two trials, up to seven digits. This test requires the 
individual to use working memory to maintain focus on relevant information (the 
number) long enough to manipulate that information (reverse the number). Backwards 
digit span is sensitive to working memory deficits and thus directed-attention deficits, as 
the task is dependent on the ability to hold in mind information and manipulate it to 
successfully complete the task. Individuals with limited DA will be unable to maintain 
focus long enough to complete the task successfully, receiving fewer points on the task. 
This task has been used to measure DA after exposure to restorative environments 
(Tennessen & Cimprich, 1995; Cowan et al., 2005). 
PANAS. Restorative environments have been shown to increase positive affect 
(Berman et al., 2012). Because mood may be related to cognitive functioning, this study 
used the Positive and Negative Affect Schedule (PANAS) to assess mood before and 
after the intervention (Watson, Clark, & Tellegen, 1988). Participants rated mood-related 
adjectives on a 1-5 scale based on how they felt at the current moment (1= not at all or 
very slightly, 5=extremely). Irritability and negative affect may influence cognitive 
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performance, also. Including this measure allowed us to explore the relationship between 
mood and DA during the experimental task. 
Procedures 
All procedures were approved by Humboldt State University’s Institutional 
Review Board (approval #IRB 16-086). The participants were assessed 1-14 days post-
injury and evaluated individually. He/she took a mood assessment (PANAS), followed by 
two measures of directed-attention, the Stroop task and backwards digit span. The VST 
and BDS are administered using PEBL software. Individuals were assigned to an 
intervention group through random assignment. Assessments were coded with participant 
number and intervention group assignment, then the order of assessments was 
randomized through shuffling. Participants were assigned an intervention group based on 
the assessment they received.  
The VST is a three-part test. Each part consists of 24 required responses. Part one 
shows 24 dots in four different colors: green, blue, red, and yellow. The participant is 
instructed to press the correct key to indicate the color of each dot (1: green, 2: yellow, 3: 
blue, 4: red). Participants must make a correct response before advancing to the next dot. 
Part two instructs the participant to name the color of 24 words as quickly as possible. 
The words “and,” “when,” “over,” and “hard” are presented in green, blue, red, and 
yellow. The participant must make a correct response before advancing to the next word. 
Part three instructs the participant to name the colors in which the words are printed as 
quickly as possible. Again, 24 words appear on the screen. The words “green,” “yellow,” 
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“red,” and “blue” appear on the screen printed in non-congruent colors. The participant 
must make a correct response before proceeding to the next word. Results of the test are 
saved in a PEBL file indicated by the participant code. The participant did not see his/her 
results.  
Following the VST, the participant read instructions on completing the BDS and 
proceeded with the task. The task was programed to present stimuli audibly. Every 
participant started with a three-digit sequence. Each participant was given two trials per 
sequence ( two trials at three digits, two trials at four digits, etc.) and if a correct response 
was given the sequence was increase by one-digit up to a total of nine digits. The test 
ended when two incorrect responses were given for a sequence.  
After the initial assessments, the participants watched a video of restorative 
environments or nonrestorative environments (6min.) and were reassessed on PANAS, 
VST, and BDS. Berto (2005) showed 6 min. to be an adequate length of exposure. 
Manipulation check. A class of psychology students using the Perceived 
Restorativeness Scale-11 (PRS) validated the stimuli (see appendix). Berto (2005) used a 
similar procedure to develop her stimuli. Additionally, photos and videos stimuli have 
been used in previous research by Berman et al. (2008) and Van den Berg, Koole, van der 
Wulp (2003). This experiment used nature and urban videos from Youtube. These videos 
contained images similar to those images used in two experiments by Berman et al. 
(2008) and Berto et al. (2005). All students watched 3 minutes of a nature video and 3 
minutes of an urban video. After watching the videos, participants answered 11 questions 
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regarding how they experienced each video, rating each item on a 10-point scale. A t-test 
was used to determine the restorative qualities of each video.  
The PRS was developed to test the restorativeness of environments (Hartig, 
1996). The original version of the PRS was shortened from 26 items to 11 items and has 
been used in both English and Italian (Pasini, Berto, Brondino, Hall, & Ortner, 2014). 
This scale has been validated in several different countries. After cognitive interviews 
with participants (N = 330) from Australia, Canada, and Italy to promote question clarity, 
the PRS-11 was developed using items from the original version: 3 items measuring 
fascination, 3 items measuring being away, 3 items measuring coherence, 2 items 
measuring scope (Pasini, Berto, Brondino, Hall, & Ortner, 2014). Two items (1 scope and 
1 coherence) were created for the shortened version. Items tapping multiple domains and 
those that had low factor loading were eliminated. The ‘compatibility’ factor was not 
included in the PRS-11 due to its subjective value and loose interpretation, and two items 
measuring “extent,” “scope” and “coherence”, were added to the PRS-11. This four-
factor model (fascination, being-away, scope, and coherence) produced higher factor 
loading and better-fit indexes than when extent and compatibility were included as single 
factors (CFI = .95, SRMR = .04). 
Statistical Analysis 
A repeated-measures analysis of variance (ANOVA) was used to determine the 
effect of video (nature, city) and time (pre, post) on backwards digit span scores, errors 
on VST, time on VST, positive affect scores, and negative affect scores. T-tests were 
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used to explore the differences in symptom severity and scores of nature connectedness 
between city and nature groups.  
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Results 
Participant Characteristics 
 A total of 10 participants were recruited for this study, three males and seven 
females, ages 18-30. The sample of 10 included 9 HSU students, 3 of which were 
student-athletes, and 1 community member. Participants were less than two weeks post-
injury and were experiencing symptoms at the time of testing.  
Manipulation check results. Fifty-eight participants evaluated the restorative 
and non-restorative videos using the PRS-11. Berto et al. (2005) used a cut-off method 
where any photo with an average rating above 6.5 was considered restorative and any 
photo with an average rating below 3 was considered nonrestorative. However, she did 
not provide validation of this cutoff method, a limitation of this approach. This study 
used a t-test to compare the restorative qualities of each video.  
A t-test was conducted to compare the level of fascination, being-away, 
compatibility, and scope in the nature and city videos. Fascination scores for the nature 
video (M = 8.96, SD = 1.70) were higher than the city video (M = 7.13, SD = 2.77). There 
was a significant difference in the scores for fascination in the nature and city conditions; 
t(275) = 7.36, p <.001, 95% CI around the difference between means [1.34, 2.36], d = 
0.802. Being-away scores for the nature video (M = 8.14, SD = 2.36) were higher than the 
city video (M = 2.85, SD = 3.31). There was a significant difference in the scores for 
being-away in the nature and city conditions; t(299) = 17.02, p <.001, 95% CI  around the 
difference between means [4.68, 5.90], d = 1.85. Coherence scores for the nature video 
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(M = 5.5, SD = 2.96) were the similar to the city video (M = 5.5, SD = 3.26). There was 
no significant difference in the scores for coherence in the nature and city conditions; 
t(333) = -0.014, p = .989, 95% CI around the difference between means [-0.07, 0.66], d = 
0.001. Scope scores for the nature video (M = 8.66, SD = 2.36) were higher than those in 
the city video (M = 5.89, SD = 3.30). There was a significant difference in the scores for 
scope in the nature and city conditions; t(200) = 7.25, p <.001, 95% CI around the 
difference between means [2.01, 3.51], d = 0.966.  
While the scores of the city videos were higher than the scores used by Berto et 
al. (2005), the scores of the nature video were much higher also. The scores on 
fascination, being-away, and scope in the nature video were significantly higher than the 
city video, suggesting that the nature video was perceived as more restorative by students 
than the urban video.  Coherence was the only category to produce nonsignificant results. 
This is hypothesized to be the result of personal preference for certain environments 
among HSU students.  
 
Participants characteristics. See Table 1 for descriptive statistics on participant 
characteristics. Baseline connectedness to environment scores did not differ between 
those in the city group and those in the nature group, t(8) = 0.991, p = .352, d = 0.625. 
Baseline symptom scores did not differ between those in the city group and those in the 
nature group, t(8) = 0.912, p = .388, d = 0.577.  
Hypothesis 1. See Table 2 for ANOVA analyses. Data meets homogeneity of 
variance assumption. Time taken, in seconds, to complete Stroop task did not differ  
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Table 1: Participant Characteristics 
Characteristic Nature 
(N = 5) 
City 
(N = 5) 
Total 
(N = 10) 
Gender 
Male 
Female 
Affiliation 
Student 
Student-athlete 
Community 
Age 
Days post injury 
Symptoms score 
Connectedness to 
environment score 
 
1 
4 
 
3 
1 
1 
22.4 (3.36) 
5 (4.53) 
43.0 (22.0) 
6.60 (1.08) 
 
2 
3 
 
3 
2 
0 
22.8 (2.39) 
5.4 (2.51) 
54.8 (18.7) 
7.22 (0.891) 
 
3 
7 
 
6 
3 
1 
22.6 (2.76) 
5.2 (3.46) 
48.9 (20.3) 
6.91 (0.990) 
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Table 2: Results of repeated measures ANOVA examining the effect of experimental 
group (nature, city) and time (pre, post) on Stroop task time, Stroop errors, backwards 
digit span, PANAS positive affect, and PANAS negative affect scores. 
 F df p ηG2 
1. Stroop task time 
Intervention main effect 
Time main effect 
Time*Intervention 
2. Stroop errors 
Intervention main effect 
Time main effect 
Time*Intervention 
3. Backwards digit span 
Intervention main effect 
Time main effect 
Time*Intervention 
4. PANAS positive 
Intervention main effect 
Time main effect 
Time*Intervention 
5. PANAS negative 
Intervention main effect 
Time main effect 
Time*Intervention 
 
0.09 
0.21 
0.27 
 
0.18 
0.00 
1.23 
 
0.02 
14.4 
1.60 
 
1.97 
0.01 
5.44 
 
0.08 
3.56 
0.462 
 
1, 8 
1, 8 
1, 8 
 
1, 8 
1, 8 
1, 8 
 
1, 8 
1, 8 
1, 8 
 
1, 8 
1, 8 
1, 8 
 
1, 8 
1, 8 
1, 8 
 
.768 
.662 
.619 
 
.684 
1.00 
.299 
 
.890 
.005 
.242 
 
.198 
.914 
.048 
 
.783 
.090 
.516 
 
.010 
.003 
.004 
 
.021 
.000 
.005 
 
.002 
.080 
.010 
 
.091 
.000 
.027 
 
.010 
.021 
.003 
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significantly between the nature group (M = 43.5, SD = 16.5) and the City group (M = 
40.8, SD = 11.7). Pre intervention (M = 42.9, SD = 14.5) and post-intervention (M = 41.4, 
SD = 14.2) times, in seconds, on Stroop task did not differ significantly. There was no 
interaction between intervention group and time.  
Hypothesis 2. See Table 2 for ANOVA analyses. Data meets homogeneity of 
variance assumption. There was no significant difference on number of errors made 
during the Stroop task between the nature group (M= 2, SD = 3.71) and the city group (M 
= 1.2, SD = 1.69. There was no main effect of time on the number of errors made 
between pre intervention (M = 1.6, SD = 2.80) and post-intervention (M = 1.6, SD = 
3.03). There was no interaction effect for time and intervention group.  
Hypothesis 3. See Table 2 for ANOVA analyses. Data meets homogeneity of 
variance assumption. Backwards digit span scores did not differ significantly between the 
nature group (M = 5.4, SD = 2.76) and the city group (M = 5.6, SD = 1.58). There was a 
main effect of time on backwards digit span scores from pre intervention (M = 4.9, SD = 
2.42) to post-intervention (M = 6.1, SD = 1.85). There was no interaction effect between 
time and intervention.  
Positive PANAS results. See Table 2 for ANOVA analyses. Data meets 
homogeneity of variance assumption. There was no main effect for intervention group, 
nature (M = 22.7, SD = 7.75), or city (M = 16.6, SD = 5.48) on positive PANAS scores. 
There was no main effect for time on positive PANAS scores, pre intervention (M = 19.6, 
SD = 7.25) to post-intervention (M = 19.7, SD = 7.63). There was an interaction effect for 
time and intervention group.  
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Exploring the interaction using a paired t-test indicated a significant decrease in 
positive attributes for those in the city group pre-intervention (M = 17.6, SD = 5.55) to 
post-intervention (M = 15.6, SD = 5.86), t(4) = 2.83, p = .047, d = 0.351. Those in the 
nature group experienced an increase in positive attributes pre-intervention (M = 21.6, SD 
= 8.79) to post-intervention (M = 23.8, SD = 7.40) although this change was not reliable, 
t(4) = -1.33, p = .255, d  = 0.271.  
Negative PANAS results. See Table 2 for ANOVA analyses. Data meets 
homogeneity of variance assumption. There was no main effect for time, pre-intervention 
(M = 21.8, SD = 8.74) to post-intervention (M = 19.3, SD = 9.56) on negative PANAS 
scores. There was also no main effect for intervention group. Neither the nature group (M 
= 19.7, SD = 8.08) nor city group (M = 21.4, SD = 10.21) experienced reliable changes in 
negative affect scores. Additionally, there was no interaction effect between time and 
intervention group.  
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Discussion 
Using restorative environments to mitigate attentional deficits associated with 
concussion was a novel idea and this study provides the first available data on this type of 
intervention for this population of 18-30 year olds with recent concussion. This study did 
not find the nature intervention to be more effective than the city intervention on 
mitigating post-injury DAF, as measured by backwards digit span and Stroop task. Both 
city and nature groups experienced significant improvement on backwards digit span 
scores post-intervention. The city group experienced a significant decrease in positive 
affect scores while the nature group did not experience a meaningful change. Neither 
group experienced significance changes in negative affect scores. No changes over time 
were noted on the Stroop test. 
There was a main effect for time on backwards digit span, such that scores 
improved pre- to post-intervention. It was not hypothesized that both groups would see 
improvement although practice effects may explain this increase in backwards digit span 
scores. While care was taken to minimize the effects of practice by administering an 
alternative version of backwards digit span on re-test, research shows evidence of 
practice effects on serial administration (Sánchez-Benavides et al., 2016). Research also 
shows cognitively impaired populations are less susceptible to practice effects (Heaton et 
al., 2001) making it unclear if practice effects played a role in these results. Additionally, 
this population did not demonstrate a reliable increase on the Stroop task, a test also 
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known to be affected by practice (Davison, Zacks, Williams, 2003). This population’s 
susceptibility to practice effects warrants further study.  
Main effects are often times qualified by an interaction effect. However, with a 
limited sample size this study may not have had the power to detect such an interaction. 
Using a paired t-test to explore the backwards digit span main effect, results indicate a 
reliable pre- to post increase in backwards digit span scores for the nature group, t(4) = -
3.14, p = .035, 95% CI [0.184, 3.02], d = .575, but this reliable change was not seen in 
the city group, t(4) =  -2.14, p = .099, 95% CI [-1.84, 0.239], d = .496. The group by time 
interaction was not significant. It is possible, with a larger sample size, this main effect 
will be qualified by an interaction representing an increase in DA scores post-intervention 
for the nature group and no such increase by the city group.  
Interestingly, the city group experienced a significant decrease in positive affect 
scores, but did not experience an increase in negative affect scores post-intervention. 
These results are in contrast with previous research that shows an increase in negative 
affect after city exposure (McMahan & Estes, 2015), as opposed to a decrease in positive 
affect. Also contradicting previous research showing a decrease in negative affect scores 
after exposure to nature (Gamble, Howard & Howard, 2014), the nature group in the 
current study saw no significant change in either affect scores. It is possible that the 
intervention was not long enough in duration to overcome DAF or increase positive 
affect. Emfield and Neider (2014), upon finding decreases in positive affect scores after 
both nature and city exposure, speculated that the level of fatigue experienced by 
participants during the experiment was greater than the fatigue which could be 
48 
 
  
compensated for by the environment. Participants in this experiment viewed 
environments for 7-10 minutes while the entire experiment lasted approximately 90 
minutes. These results emphasize the importance of establishing adequate intervention 
exposure time. 
The decrease in positive affect observed in the current study was not associated 
with a corresponding change in DA. While a small sample size is a limitation of this 
study and future research should investigate mood effects associated with this 
intervention, it may be that this population responds to natural environments more in line 
with stress reduction theory (SRT). SRT has a similar basis to ART, but posits that 
natural environments promote a decrease in physiological and emotional stress (Ulrich, 
1984). While SRT does not touch on the effects of non-natural environments, it stands to 
reason that non-natural environments would have the opposite or null effect, thus 
explaining the decrease in positive affect experienced by the city group. Also, it may be 
possible that this population is more primed for negative affect (agitated, irritated, 
nervous) than positive affect (attentive, enthusiastic, proud) making positive affect 
characteristics less stable.  
The hypothesized results were not substantiated; however, there were advantages 
to this study design that may be useful in future research. Recruiting a more narrowly 
defined clinical sample and standardizing the intervention helped to promote a clearer 
understanding of intervention effects post-injury. Often, studies on TBIs involve 
participants of varying ages, injury severity, and duration of time post-injury (Chin, 
Keyser, Dsurney, & Chan, 2015, Kjeldgaard, Forchhammer, Teasdale, & Jensen, 2014). 
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This study restricted the age gap to twelve years, injuries did not require hospitalization, 
baseline symptom scores were similar, and the post-injury time frame for intervention 
was maintained at no more than 14 days. Additionally, the participants in each group did 
not differ significantly on preference towards the natural environment, removing the 
potential confound of pre-existing preference for natural environments.  This type of 
strict selection criteria allows for more informed examination of intervention 
effectiveness and adds to the research on concussion rehabilitation in the acute phase 
post-injury.  
Limitations 
Sample size was a limitation of this study leading to insufficient statistical power. 
Recruitment proved more difficult than expected, requiring the expansion of inclusion 
criteria. Additionally, intercollegiate athletes were involved in another study and were 
unavailable for participation, reducing the available population to club sport athletes and 
non-athletes only. Originally, this study was to include athletes, ages 18-25, within 72 
hours post-injury. These inclusion criteria proved too restrictive and were expanded to 
include all individuals regardless of sport participation, ages 18-30, up to 14 days post-
injury. Expanding the criteria aided in recruitment. Underreporting of concussions is 
common in the literature and may have played a role in recruitment difficulties. A within-
subjects experimental design would have aided in the strength of this study; however, 
attrition was a major concern and the chance of spontaneous recovery made this design 
impractical. Additionally, some individuals did not report their concussion until 
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symptoms persisted past two weeks, making them ineligible for participation in this 
study. It was important to maintain strict inclusion criteria not exceeding two weeks as 
this was the intervention period of interest. While a larger intervention period would have 
facilitated recruitment, it would also have created a mixed sample of those requiring 
support for persistent symptoms and those who experienced short-term symptoms and a 
spontaneous recovery.  
Another challenge was determining the duration of intervention exposure. This 
study used a time frame shown to be effective on a non-clinical population (Berto, 2005). 
It is not clear if the six minutes of exposure to the nature video was long enough to 
produce a therapeutic response in this population. This population may require longer 
exposure to restorative environments to experience attentional benefits. Extending the 
time of intervention beyond 6 minutes was a concern when designing the experiment as 
additional exposure to a computer screen may have negatively impacted visual 
symptoms.  
Another limitation that may have influenced the results was that most participants 
underwent Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) 
immediately before the experiment. ImPACT is a 25-minute computerized 
neurocognitive test used to evaluate cognitive functioning for those with concussion. The 
test includes a symptoms assessment and multiple tests of cognition including attention 
span, non-verbal problem solving, reaction time, and working memory. The increased 
exposure to a computer screen and the additional tax put on the attentional systems after 
ImPACT may have created a mental state that required a longer exposure to the 
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intervention to see a benefit. It is not clear if this influenced the results, although it is 
worth noting and is something to account for in future research. 
Recommendations and Directions for Future Research 
This study did not mirror results seen in previous research. Unlike Berman et al. 
(2008; 2012) and Berto (2005) this study did not find improvement in DA after nature 
exposure. Intervention times in previous research ranged from 6 minutes to 55 minutes 
making the appropriate exposure time for this population unclear. Additionally, sample 
sizes in previous research were larger and many previous studies testing ART utilized a 
within subjects repeated measures design. These designs can increase power to detect an 
effect in studies with small sample sizes. The evidence of nature-based restorative 
experiences is plentiful on non-clinical populations and warrants continued research into 
the utilization of nature interventions for clinical populations. 
A recommendation for future research would be to repeat this study with a larger 
sample size. The current study may not have been sufficiently powered to detect 
intervention effects. For example, the interaction effect for time X intervention on 
backwards digit span was non-significant in this study, but with a larger sample we may 
find a significant interaction effect on this outcome. Exploring this possibility is a topic 
for future research.  
The inclusion of pre-injury data on measures of DA would allow researchers to 
determine the level of DA impairment prior to participation in the experiment. This study 
did not have pre-injury baseline data on participants, and it is possible that some 
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participants did not experience directed-attention impairment. The literature shows that 
58.3% of athletes with concussion experience DAF (Wasserman et al., 2015). Without 
pre-injury baseline data, it is difficult to determine how many of the participants were 
experiencing impaired DA at the time of testing. It is likely this sample included 
individuals who were not experiencing directed-attention impairment. Future research 
should include pre-injury DA scores. Additionally, including only those experiencing the 
symptom of interest would allow for the possibility of a control group including non-
injured participants where DAF is induced.  
Additionally, an interesting measure for future research may be to explore the 
duration of attentional improvement. While this study did not measure the impact of this 
intervention on long-term recovery, a notable question for future research is the effect of 
restorative environments on the occurrence of persistent symptoms related to directed-
attention in concussion. Moving forward, research should also determine the adequate 
exposure time for this population as well as the difference between video exposure and 
exposure in an environment outdoors. Non-clinical individuals exposed to real 
environments, as opposed to simulated environments, show greater improvement in mood 
post-intervention (McMahan & Estes, 2014). Individuals with concussion may respond 
differently to outdoor exposure. Additionally, outdoor exposure oftentimes involves 
physical movement which may not be appropriate in the early stages of the recovery 
process, but may prove to be superior in later stages of recovery. 
Lastly, it was not expected that the city group would experience a decrease in 
positive affect and this result deserves further study. Future research should measure the 
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plasticity of positive and negative affect associated with concussion symptoms. Berman 
et al. (2012) showed no change in positive or negative affect scores for individuals with 
Major Depressive Disorder after nature and city exposure, and merely measured these 
constructs to be certain the changes in DA resulted from the environment and not 
emotional states. Affect states may be mediating factors in concussive symptoms, 
although additional research is required.  
The main effect for backwards digit span suggests that attentional deficits brought 
about by concussions may be responsive to intervention during the first fourteen days 
post-injury. Results did not show a meaningful difference in DA between the nature and 
city groups post-intervention; both groups experienced improved backwards digit span 
scores. Future research should explore the malleability of DA after concussion to 
determine the utility of interventions aimed at attention restoration.  
This paper offers recommendations for future interventions and suggestions for 
reducing limitations. These results shed light on the potential for interventions during the 
first two weeks post-concussion and provide the first experimental data on this type of 
intervention for those with concussion. This intervention is promising in that it is cost-
effective, does not discriminate between social economic status, and has no known side-
effects, making it practical to research as well as implement in clinical settings. Finally, 
these results provide the groundwork for future interventions aiming to support and aid 
the individual in recovery from concussion symptoms. More research is needed to 
determine the efficacy of ART on individuals with concussion. Providing individuals 
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with a concussion a means of mitigating symptoms would prove beneficial to the 
individual as well as the research community. 
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Appendix 
PRS-11 
We are interested in your experience of this place. To help us understand your 
experience, we have provided the following statements for you to respond to. Please read 
each statement carefully, then ask yourself, ‘How much does this statement apply to my 
experience here?’ 
To indicate your answer, circle one of the numbers on the scale beside it. A sample of the 
scale with verbal descriptions for the values is given below. 
 
Verbal descriptions for the scale values are as follows: 1 = 
Very little; 2 = Rather little; 3 = Neither little nor much; 4 = Rather 
much; 5 = Very much; 6 = Completely. 
1 2 3 4 5 6 Places like that are fascinating  
 
1 2 3 4 5 6 In places like this my attention is drawn to many interesting things  
 
1 2 3 4 5 6 In places like this it is hard to be bored  
 
1 2 3 4 5 6 Places like that are a refuge from nuisances  
 
1 2 3 4 5 6 To get away from things that usually demand my attention I like to go to places 
like this  
 
1 2 3 4 5 6 To stop thinking about the things that I must get done I like to go to places like 
this 
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1 2 3 4 5 6 There is a clear order in the physical arrangement of places like this  
1 2 3 4 5 6 In places like this it is easy to see how things are organized 
 
1 2 3 4 5 6 In places like this everything seems to have its proper place  
 
1 2 3 4 5 6 That place is large enough to allow exploration in many directions  
 
1 2 3 4 5 6 In places like that there are few boundaries to limit my possibility for moving 
about  
       
